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PREFACE 


This  report  is  prepared  under  guidance  contained  in  the 
Recommended  Guidelines  for  Safety  Inspection  of  Dams,  for 
Phase  I  investigations.  Copies  of  these  guidelines  may  be 
obtained  from  the  office  of  Chief  of  Engineers,  Washington, 

D.  C.  20314.  The  purpose  of  a  Phase  I  investigation  is  to 
identify  expeditiously  those  dams  which  may  pose  hazards  to 
human  life  or  property.  The  assessment  of  the  general 
condition  of  the  dam  is  based  upon  available  data  and  visual 
inspections.  Detailed  investigation  and  analyses  involving 
topograhic  mapping,  subsurface  investigations,  testing,  and 
detailed  computational  evaluations  are  beyond  the  scope  of  a 
Phase  I  investigation;  however,  the  investigation  is  intended 
to  identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the 
reported  condition  of  the  dam  is  based  on  observations  of 
field  conditions  at  the  time  of  inspection  along  with  data 
available  to  the  inspection  team. 

It  is  important  to  note  that  the  condition  of  a  dam  depends 
on  numerous  and  constantly  changing  internal  and  external 
conditions,  and  is  evolutionary  in  nature.  It  would  be 
incorrect  to  assume  that  the  present  condition  of  the  dam 
will  continue  to  represent  the  condition  of  the  dam  at  some 
point  in  the  future.  Only  through  frequent  inspections  can 
unsafe  conditions  be  detected  and  only  through  continued 
care  and  maintenance  can  these  conditions  be  prevented  or 
corrected. 

Phase  I  inspections  are  not  intended  to  provide  detailed 
hydrologic  and  hydraulic  analyses.  In  accordance  with  the 
established  guidelines,  the  spillway  design  flood  is  based 
on  the  estimated  ’'Probable  Maximum  Flood"  for  the  region 
(greatest  reasonably  possible  storm  runoff),  or  fractions 
thereof.  The  spillway  design  flood  provides  a  measure  of 
relative  spillway  capacity  and  serves  as  an  aid  in  deter¬ 
mining  the  need  for  more  detailed  hydrologic  and  hydraulic 
studies,  considering  the  size  of  the  dam,  its  general  con¬ 
dition,  and  the  downstream  damage  potential. 
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Based  on  a  visual  inspection,  operational  history,  and 
hydrologic/hydraulic  analysis,  the  d am  is  considered  to  be 
in  good  condition. 

The  size  classification  of  the  facility  is  small  and  the 
hazard  classification  is  considered  to  be  high.  In  accor¬ 
dance  with  the  recommended  guidelines,  the  spillway  Design 
Flood  (SDF)  ranges  between  the  1/2 -PMF  (Probable  Maximum 
Flood)  and  the  PMF.  Due  to  the  high  potential  for  damage  to 
downstream  structures  and  possible  loss  of  life,  the  SDF  is 
considered  to  be  the  PMF.  Results  of  the  hydrologic  and 
hydraulic  analysis  indicate  the  facility  will  pass  and/or 
store  approximately  43  percent  of  the  PMF  prior  to  embank¬ 
ment  overtopping  at  the  low  top  of  the  dam.  Breach  analysis 
indicates  that  failure  under  a  0.45  PMF  event  or  larger 
would  probably  not  lead  to  increased  property  damage  or  loss 
of  life  at  existing  residences.  Thus,  based  on  the  screen¬ 
ing  criteria  contained  in  the  recommended  guidelines,  the 
spillway  is  deemed  inadequate,  but  not  seriously  inadequate. 
If  the  embankment  crest  were  regraded  and  restored  to  its 
design  elevation,  the  facility  would  pass  and/or  store  ap¬ 
proximately  51  percent  of  the  PMF  prior  to  embankment  over¬ 
topping,  but  would  still  be  considered  inadequate.  /X 

It  is  noted,  also,  that  the  analysis  indicates  that  flooding 
of  downstream  structures  could  occur  from  non-breach  outflow 
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of  a  storm  on  the  order  of  1/2-PMF  magnitude. 

It  is  recommended  that  the  owner  immediately: 

a.  Regrade  the  crest  of  the  embankment  to  its  orig¬ 
inal  design  elevation  under  the  direction  of  a  registered 
professional  engineer  experienced  in  the  construction  of 
earth  dams,  or  retain  the  services  of  a  registered  profes¬ 
sional  engineer  experienced  in  the  hydraulics  and  hydrology 
of  dams  to  further  assess  the  adequacy  of  the  spillway 
facilities  and  take  remedial  measures  deemed  necessary  to 
make  the  facility  hydraulically  adequate. 

b.  Retain  the  services  of  a  registered  professional 
engineer  experienced  in  the  design  and  construction  of  earth 
embankments  to  evaluate  the  source  of  seepage  and/or  leakage 
observed  just  below  the  discharge  ends  of  the  outlet  con¬ 
duits.  This  condition  should  be  assessed  in  all  future 
inspections  with  any  turbidity  and/or  changes  in  flow  rate 
specifically  noted. 

c.  Restore  access  and  operability  to  the  outlet 
control  mechanisms. 

d.  Remove  the  large  trees  from  along  the  downstream 
embankment  toe  and  clear  the  brush  covering  the  embankment 
slopes . 


e.  Clear  the  brush  that  partially  obstructs  the  right 
side  of  the  spillway  channel  at  the  crest. 

f.  Develop  formal  manuals  of  operations  and  main¬ 
tenance  to  ensure  future  proper  care  of  the  facility.  In 
light  of  the  unusually  steep  upstream  embankment  slope, 
special  procedures  should  be  incorporated  into  these  manuals 
that  provide  for  the  emergency  drawdown  of  the  reservoir 
under  the  direction  of  a  registered  professional  engineer 
experienced  in  the  design  and  construction  earth  dams. 


g.  Develop  a  formal  emci gcncy  warning  system  to 
notify  downstream  residents  should  hazardous  conditions 
develop.  Included  in  the  plan  should  be  provisions  for 
around-the-clock  surveillance  of  the  facility  during  period: 
of  unusually  heavy  precipitation. 


GAI  Consultants,  Inc. 


^proved  by: 


Bernard  M.  Mihalcm,  P.E/ 


BERNARD  M.  MIHAICIN 


Date  2.-^,  cV- 1 
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\  Colonel,  Corps  of  Engineers 


district  Engineer 
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PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  INSPECTION  PROGRAM 
WOHELO  LAKE  DAM 
NDI#  PA-00326,  PENNDER#  28-95 

SECTION  1 

GENERAL  INFORMATION 


1.1  Authority. 

The  Dam  Inspection  Act,  Public  Law  92-367,  authorized 
the  Secretary  of  the  Army,  through  the  Corps  of  Engineers, 
to  initiate  a  program  of  inspection  of  dams  throughout  the 
United  States. 


The  purpose  is  to  determine  if  the  dam  constitutes  a 
hazard  to  human  life  or  property. 

1-2  Description  of  Project. 

a.  Dam  and  Appurtenances.  Wohelo  Lake  Dam  is  a  zoned 
earth  embankment  approximately  28  feet  high  and  560  feet 
long,  including  spillway.  The  facility  is  provided  with  an 
uncontrolled,  trapezoidal  shaped,  concrete  lined  chute 
channel  spillway  located  at  the  right  abutment.  The  outlet 
works  consists  of  two  24-inch  diameter  corrugated  metal 
pipes  (CMPs )  encased  in  concrete  that  discharge  at  the 
downstream  embankment  toe.  Flow  through  the  conduits  is 
reportedly  controlled  at  the  inlets  situated  along  the 
upstream  embankment  toe  by  means  of  two  24-inch  diameter 
gate  valves. 

b.  Location .  Wohelo  Lake  Dam  is  located  on  Red  Run 
in  Washington  Township,  Franklin  County,  Pennsylvania  about 
four  miles  southeast  of  Waynesboro,  Pennsylvania.  The 
facility  is  part  of  Camp  Wohelo,  a  summer  recreational  camp. 
The  dam  and  reservoir  are  contained  within  the  Smithsburg, 
Maryland  -  Pennsylvania  7.5  minute  U.S.G.S.  topographic 
quadrangle  (see  Figure  1,  Appendix  E).  The  coordinates  of 
the  dam  are  N39°44.3>  and  W77°30.4'. 

c.  Size  Classification.  Small  (28  feet  high,  85 
acre-feet  storage  capacity  at  top  of  dam). 

d.  Hazard  Classification.  High  (see  Section  3.1.e). 


e.  Ownership .  Wohelo  Realty  Company 

12811  Old  Route  16 
Waynesboro,  Pennsylvania  17268 
Attn:  Morgan  I.  Levy 

f.  Purpose.  Recreation. 

g.  Historical  Data.  Wohelo  Lake  Dam  was  designed  by 
A.  M.  Larsen  of  McConnellsburg,  Pennsylvania  and  constructed 

by  1953  by  E.  D.  Plummer  and  Sons  of  Chambersburg,  Pennsylvania. 
No  correspondence  is  available  from  PennDER  files  for  this 
facility  and  historical  data  are  limited  to  file  drawings. 

Four  of  the  drawings  (dated  May  1952,  Figures  3  through  6  in 
Appendix  E)  apparently  represent  the  original  design  whereas 
Figure  2  (dated  September  1953)  shows  the  as-built  plan  for 
the  completed  facility. 

Comparison  of  these  drawings  with  field  observed  con¬ 
ditions  indicates  that  significant  design  changes  were  made 
to  the  facility  during  construction  which  resulted  in  steeper 
slopes,  a  narrower  crest  and  the  installation  of  valve 
mechanisms  on  the  outlet  conduits. 

Two  or  three  years  ago  the  access  bridge  to  the  outlet 
control  mechanisms  was  burned  by  vandals  during  the  off 
season  when  the  camp  was  inactive.  The  bridge  was  never 
rebuilt  nor  were  the  damaged  outlet  conduit  control  mech¬ 
anisms  repaired.  The  owner  now  has  a  full-time,  year-round, 
maintenance  staff,  in  an  effort  to  control  vandalism. 

Some  renovation  work  was  completed  just  prior  to  the 
inspection  during  which  a  substantial  portion  of  the  spill¬ 
way  discharge  channel  was  lined  with  concrete. 


1.3  Pertinent  Data. 

a.  Drainage  Area  (square  miles).  4.0 

b.  Discharge  at  Dam  Site. 

Discharge  Capacity  of  Outlet  Conduits  -  Discharge 
curves  are  not  available. 

Discharge  Capacity  of  Spillway  at  Maximum  Pool  s 
4310  cfs  (see  Appendix  D,  Sheet  9). 


c.  Elevation  ( feet  above  mean  sea  level ) .  The  fol¬ 
lowing  elevations  were  obtained  from  available  drawings  and 
through  field  measurements  based  on  the  elevation  of  the 
spillway  crest  at  970.0  feet  (see  Appendix  D,  Sheet  1). 


Top  of  Dam 

Maximum  Design  Pool 
Maximum  Pool  of  Record 
Normal  Pool 
Spillway  Crest 
Upstream  Inlet  Invert 
Downstream  Outlet  Invert 
Streambed  at  Dam  Centerline 
Maximum  Tailwater 

d.  Reservoir  Length  (feet). 

Top  of  Dam 
Normal  Pool 

e.  Storage  (acre-feet). 

Top  of  Dam 
Normal  Pool 

f .  Reservoir  Surface  ( acres ) . 

Top  of  Dam 
Normal  Pool 

g.  Dam. 


Type 

Length 


Height 


Top  width 


Upstream  Slope 


981.5  (design). 

980.3  (field). 
Not  known. 

972  (June  1972). 

970.0 

970.0 

955  (estimate). 

952.3  (field). 
954  (estimate). 
Not  known. 


1200 

300 


85 

22 


9 

4 


Zoned  earth. 

522  feet  (ex¬ 
cluding  spill¬ 
way)  . 

28  feet  (field 
measured;  crest 
to  downstream 
outlet  invert ) . 

10  feet  (de¬ 
sign)  . 

6  feet  (field). 

2H:lv  (design). 

1 . 25H: IV  (field). 
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Downstream  Slope 


2H:1V  (design). 

1 . 75H: IV  (field). 


Zoning 


Impervious  Core 


Cutoff 


Grout  Curtain 

Diversion  Canal  and 
Regulating  Tunnels. 

Spillway. 

Type 


Crest  Elevation 
Crest  Length 
Outlet  Conduits. 
Type 


Impervious  clay 
core  covered  by 
outer  shells 
composed  of 
semi -pervious 
material . 

Central  clay 
core  carried 
full  height  of 
dam  with  1H:1V 
side  slopes 
(see  Figure  5). 

10-foot  wide 
trench  with 
1H: IV  side 
slopes  back¬ 
filled  with 
impervious 
material. 

None  indicated. 


None. 


Uncontrolled, 
trapezoidal 
shaped,  con¬ 
crete  lined 
chute  channel. 

970.0  feet. 

37.5  feet. 


Two  24-inch 
diameter  CMPs 
encased  in 
concrete . 


Length 


210  feet. 


Closure  and 

Regulating  Facilities  Two  24-inch 

diameter  gate 
valves  located 
at  the  conduit 
inlets . 

Access  The  original 

access  bridge 
was  burned 
several  years 
ago  and  has  not 
been  replaced. 


SECTION  2 
ENGINEERING  DATA 


2.1  Design. 

a.  Design  Data  Availability  and  Sources.  No  design 
reports,  calculations,  or  formal  design  data  are  available. 
Information  contained  in  PennDER  files  is  limited  to  four 
design  drawings,  dated  1952,  and  one  as-built  drawing,  dated 
1953  (see  Appendix  E,  Figures  2,  3,  4,  5,  and  6). 

b.  Design  Features. 

1.  Embankment.  Based  on  information  contained 
in  PennDER  files  and  observations  made  during  the  visual 
inspection,  general  statements  can  be  made  regarding  the 
embankment  design.  The  dam  is  a  zoned  earth  structure 
constructed  with  a  central  core  composed  of  impervious  clay 
material.  The  core  is  covered  on  both  sides  by  semi-pervi¬ 
ous  materials  which  comprise  the  outer  embankment  shells. 

The  entire  upstream  slope  is  protected  with  a  2-foot  thick 
layer  of  dumped  riprap  (see  Figure  5). 

The  design  cross  section  shown  in  Figure  5  has 
been  significantly  altered  in  that  the  crest  width  now 
measures  six  feet  while  the  upstream  and  downstream  slopes 
are  set  at  1.25H:1V  and  1.75H:1V,  respectively.  Discussions 
with  the  owner  indicated  that  modifications  to  the  embank¬ 
ment  were  required  as  a  result  of  a  decision  to  decrease  the 
designed  spillway  width.  Also  subsequent  to  project  com¬ 
pletion,  a  small  concrete  apron  was  placed  along  a  portion 
of  the  upstream  embankment  face  reportedly  to  control  seep¬ 
age.  However,  it  appears  that  its  purpose  is  to  provide 
support  for  the  access  bridge  (see  Figure  2). 

2 .  Appurtenant  Structures . 

a)  Spillway.  The  spillway  is  an  uncontrolled, 
trapezoidal  shaped,  concrete  lined  chute  channel  located  at 
the  right  abutment.  Large  flows  are  discharged  through  the 
channel  unregulated,  whereas,  low  flows  are  regulated  by  a 
small,  triangular  shaped  weir  crest.  The  length  of  the 
spillway  crest  measures  37.5  feet. 

b)  Outlet  Conduits.  The  outlet  conduits 
consist  of  two  24-inch  diameter  CMPs  that  are  reportedly 
controlled  by  24-inch  diameter  gate  valves  at  the  inlets. 
Available  drawings  indicate  the  conduits  are  encased  in 
concrete  ( see  Figure  4 ) . 


c.  Specific  Design  Data  and  Criteria.  No  design  data 
or  information  relative  to  design  procedures  are  available. 

2.2  Construction  Records. 

No  construction  records  are  available  for  this  facility. 

2.3  Operational  Records. 

No  records  of  the  day-to-day  operation  of  this  facility 
are  available. 


2.4  Other  Investigations. 

No  formal  investigations  have  been  performed  on  this 
facility  subsequent  to  its  construction. 


2.5  Evaluation. 

The  available  data  are  limited  to  one  as-built  and  four 
design  drawings.  Coupled  with  the  visual  inspection  the 
data  are  considered  adequate  to  make  a  reasonable  Phase  I 
assessment  of  the  facility. 


SECTION  3 
VISUAL  INSPECTION 


3.1  Observations . 

a.  General .  The  general  appearance  of  the  facility 
suggests  it  to  be  in  good  condition. 

b.  Embankment.  Observations  made  during  the  visual 
inspection  indicate  the  embankment  is  in  good  condition.  No 
evidence  of  sloughing,  erosion,  seepage  through  the  embank¬ 
ment  face,  excessive  settlement  or  animal  burrows  were 
observed.  Both  slopes  are  overgrown  with  high  brush  that 
the  owner  reportedly  cuts  yearly  (see  Photographs  1,  2,  3, 
and  4).  A  row  of  evergreen  trees  along  the  downstream 
embankment  toe  are  25  to  30  feet  high  and  obscure  the  over¬ 
all  view  of  the  downstream  slope.  An  area  of  leakage  or 
seepage  is  evident  just  beyond  the  discharge  ends  of  the 
outlet  conduits.  Approximately  two  to  three  gallons  per 
minute  (gpm)  of  flow  is  apparent;  however,  the  source  has 
been  obscured  by  recent  grading  performed  in  conjunction 
with  spillway  discharge  channel  repairs.  The  upstream  slope 
is  unusually  steep  (field  measured  1.25H:1V)  although  no 
signs  of  instability  are  present.  Reportedly  this  condition 
is  the  result  of  the  embankment  height  being  raised  during 
construction.  Consequently,  both  embankment  slopes  as  well 
as  the  crest  width  vary  significantly  from  those  shown  on 
the  design  drawings  (see  Figure  5  and  Section  1.3.g). 

c.  Appurtenant  Structures . 

1.  Spillway.  The  spillway  channel  was  partially 
lined  with  concrete  just  prior  to  the  inspection  and  appears 
to  be  in  good  condition.  Some  brush  has  grown  outward  into 
the  channel  along  the  spillway  crest,  partially  obstructing 
the  channel  ( see  Photographs  5 ,  6  and  7 ) . 

2.  Outlet  Conduits.  The  outlet  conduits  were 

not  operated  in  the  presence  of  the  inspection  team.  Further¬ 
more,  based  on  the  observed  condition  of  the  valve  control 
mechanisms,  their  operability  is  questionable.  The  owner 
stated  that  the  valves  can  be  operated  with  a  pipe  wrench; 
however,  the  valve  stem(s),  marked  by  a  buoy  several  feet 
below  normal  pool,  do  not  appear  easily  accessible. 

d.  Reservoir  Area.  The  general  area  surrounding  the 
reservoir  is  comprised  of  steep,  heavily  forested  slopes. 

No  signs  of  slopes  distress  were  observed. 


e.  Downstream  Channel.  Discharge  from  Wohelo  Lake 
Dam  flows  through  a  steep,  narrow  and  heavily  forested 
valley,  generally  westward  out  of  the  Blue  Ridge  Mountains 
and  into  the  floodplain  just  east  of  Waynesboro,  Pennsyl¬ 
vania.  Between  the  toe  of  Mount  Dunlop  (see  Figure  1, 
Appendix  E)  and  the  western  edge  of  the  village  of  Rouzer- 
ville,  Pennsylvania,  about  one  to  two  miles  downstream  of 
the  embankment,  at  least  a  dozen  homes  and  small  businesses 
are  situated  sufficiently  near  the  stream  to  possibly  be 
affected  by  an  embankment  breach.  It  is  estimated  that  more 
than  a  few  lives  could  be  lost  and  substantial  economic 
damage  incurred  in  this  area  as  a  result  of  such  an  event. 

It  is  noted  that  many  more  persons  could  be  affected  who 
live  within  the  Red  Run  floodplain  beyond  Rouzerville  and 
along  the  banks  of  the  east  branch  of  Antietam  Creek. 
Consequently,  the  hazard  classification  is  considered  to  be 
high. 


3.2  Evaluation. 

The  overall  condition  of  the  facility  is  considered  to 
be  good.  Deficiencies  requiring  remedial  attention  include: 
1)  restoring  access  and  operation  to  the  outlet  control 
mechanisms;  2)  locating  and  observing  the  source  of  seepage 
and/or  leakage  just  beyond  the  discharge  ends  of  the  outlet 
conduits;  3)  clearing  brush  from  the  embankment  slopes  and 
removing  the  large  trees  along  the  downstream  embankment 
toe;  and  4)  clearing  excess  brush  from  the  spillway  control 
section. 


SECTION  4 

OPERATIONAL  PROCEDURES 


4.1  Normal  Operating  Procedure. 

The  facility  is  essentially  self-regulating.  That  is, 
excess  inflow  discharges  automatically  over  the  spillway  and 
is  directed  downstream.  The  outlet  conduits  are  presently 
closed  and  appear  to  be  inoperable.  No  formal  operations 
manual  is  available. 


4.2  Maintenance  of  Dam. 

No  formal  maintenance  program  exists  at  this  facility. 
Routine  maintenance  is  performed  on  an  unscheduled  basis  by 
the  regular  maintenance  staff.  The  owner,  in  the  past,  has 
subcontracted  out  major  projects  such  as  the  recent  spillway 
renovation.  No  formal  maintenance  manual  is  available. 


4.3  Maintenance  of  Operating  Facilities. 
See  Section  4.2  above. 


4.4  Warning  System. 

No  formal  warnihg  system  is  presently  in  effect.  The 
owner  has  established  a  radio  communications  system  between 
Camps  Comet  and  Wohelo,  which  was  reportedly  utilized  during 
the  last  major  flood  in  June  1972,  to  maintain  contact  with 
observers  stationed  at  the  dam  and  with  police  and  local 
authorities  in  downstream  communities. 


4.5  Evaluation. 

No  formal  operations  or  maintenance  manuals  are  avail¬ 
able  for  the  facility,  but,  are  recommended  to  ensure  the 
proper  care  and  operation  of  the  facility.  In  addition, 
warning  system  procedures  should  be  formalized  and  incor¬ 
porated  into  these  manuals. 


4 

4 


*  * 
4  * 


SECTION  5 

HYDROLOGIC/HYDRAULIC  EVALUATION 


5 . 1  Design  Data . 


No  formal  design  data,  calculations,  or  reports  are 
available. 


5.2  Experience  Data. 

Daily  records  of  spillway  and/or  outlet  conduit  dis¬ 
charges  are  not  available.  The  owner  recalled  that  the 
largest  flood  experienced  at  the  facility  occurred  in  June 
1972  when  the  reservoir  level  rose  to  the  first  floor 
elevation  of  the  boat  house  situated  along  the  left  reser¬ 
voir  shore.  This  corresponds  to  approximate  elevation  972.0 
feet  or  about  1.9  feet  above  normal  pool. 

5.3  Visual  Observations. 


On  the  date  of  the  inspection,  no  conditions  were 
observed  that  would  indicate  the  spillway  could  not  perform 
satisfactorily  during  a  flood  event  within  the  limits  of  its 
design  capacity. 


5.4  Method  of  Analysis. 

The  facility  has  been  analyzed  in  accordance  with  the 
procedures  and  guidelines  established  by  the  U.S.  Army, 
Corps  of  Engineers,  Baltimore  District,  for  Phase  I  hydro- 
logic  and  hydraulic  evaluations.  The  analysis  has  been 
performed  utilizing  a  modified  version  of  the  HEC-1  program 
developed  by  the  U.S.  Army,  Corps  of  Engineers,  Hydrologic 
Engineering  Center,  Davis,  California.  Analytical  capabil¬ 
ities  of  the  program  are  briefly  outlined  in  the  preface 
contained  in  Appendix  D. 


Summaj 


of  Analysis. 


a.  Spillway  Design  Flood  (SDF}.  In  accordance  with 
procedures  and  guidelines  contained  in  the  National  Guide¬ 
lines  for  Safety  Inspection  of  Dams  for  Phase  I  Investiga¬ 
tions,  the  Spillway  Design  Flood  (SDF)  for  wohelo  Lake  Dam 
ranges  between  the  1/2-PMF  (Probable  Maximum  Flood)  and  the 
PMF.  This  classification  is  based  on  the  relative  size  of 
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the  dam  (small),  and  the  potential  hazard  of  dam  failure  to 
downstream  developments  (high).  Due  to  high  potential  for 
damage  to  downstream  structures  and  possibly  loss  of  life, 
the  SDF  for  this  facility  is  considered  to  be  the  PMF. 


b.  Results  of  Analysis.  Wohelo  Lake  Dam  was  evalu¬ 
ated  under  normal  operating  conditions.  That  is,  the  reser¬ 
voir  was  initially  at  its  normal  pool  or  spillway  elevation 
of  approximately  970.0  feet,  with  the  spillway  channel  dis¬ 
charging  freely.  The  outlet  conduits  were  assumed  to  be 
non- functional  for  the  purpose  of  analysis,  since  the  flow 
capacity  of  these  conduits  are  not  such  that  they  would 
significantly  increase  the  total  discharge  capabilities  of 
the  dam  and  reservoir.  The  spillway  ,  situated  at  the  right 
abutment,  consists  of  a  concrete  lined  channel  cut  in  rock. 
All  pertinent  engineering  calculations  relative  to  the 
evaluation  of  this  facility  are  provided  in  Appendix  D. 

Overtopping  analysis  (using  the  modified  HEC-1  computer 
program)  indicated  that  the  discharge/storage  capacity  of 
Wohelo  Lake  Dam  can  accommodate  only  about  43  percent  of  the 
PMF  (SDF)  prior  to  embankment  overtopping.  Under  PMF  condi¬ 
tions,  the  low  top  of  dam  was  inundated  for  about  5.7  hours, 
by  depths  of  up  to  2.9  feet.  Under  1/2-PMF  conditions,  the 
dam  was  overtopped  for  about  2.2  hours,  with  a  maximum  depth 
of  about  1.0  foot  (Appendix  D,  Summary  Input/Output  Sheets, 
Sheet  E).  Since  the  SDF  for  Wohelo  Lake  Dam  is  the  PMF,  it 
can  be  concluded  that  the  dam  has  a  high  potential  for  over¬ 
topping,  and  thus,  for  breaching  under  floods  of  less  than 
SDF  magnitude. 

As  Wohelo  Lake  Dam  cannot  safely  accommodate  a  flood  of 
at  least  1/2-PMF  magnitude,  the  possiblity  of  embankment 
failure  under  floods  of  less  that  1/2-PMF  intensity  was 
investigated  (in  accordance  with  Corps  directive  ETL-1110-2- 
234).  Several  possible  alternatives  were  examined,  since  it 
is  difficult,  if  not  impossible,  to  determine  exactly  how  or 
if  a  specific  dam  will  fail.  The  major  concern  of  the 
breaching  analysis  is  with  the  impact  of  the  various  breach 
discharges  on  increasing  downstream  water  surface  elevations 
above  those  to  be  expected  if  breaching  did  not  occur. 

The  modified  HEC-1  Computer  Program  was  used  for  the 
breaching  analysis,  with  the  assumption  that  the  breaching 
of  an  earth  dam  would  begin  once  the  reservoir  level  reached 
the  low  top  of  dam  elevation.  Also,  in  routing  the  outflows 
downstream,  the  channel  bed  was  assumed  to  be  initially  dry. 

Five  breach  models  were  analyzed  for  Wohelo  Lake  Dam. 


First,  two  sets  of  breach  geometry  were  evaluated  for  each 
of  two  failure  times.  The  two  sets  of  breach  sections 
chosen  were  considered  to  be  the  minimum  and  maximum  prob- 
able  failure  sections.  The  two  failure  times  (total  time 
for  each  breach  section  to  reach  its  final  dimensions)  under 
which  the  two  breach  sections  were  investigated  were  assumed 
to  be  a  rapid  time  (0.5  hours)  and  a  prolonged  time  (4.0 
hours),  so  that  a  range  of  this  most  sensitive  variable 
might  be  examined.  In  addition,  an  average  possible  set  of 
breach  conditions  was  analyzed,  with  a  failure  time  of  2.0 
hours  (Appendix  D,  Sheet  14). 

The  peak  breach  outflows  (resulting  from  0.45  PMF 
conditions)  ranged  from  about  4570  cfs  for  the  minimum 
section-maximum  failure  time  scheme  to  about  8120  cfs  for 
the  maximum  section-minimum  fail  time  scheme  (Appendix  D, 
Sheet  16).  The  peak  outflow  resulting  from  the  average 
breach  scheme  was  about  5310  cfs,  compared  to  the  non-breach 
0.45  PMF  peak  outflow  of  approximately  4530  cfs  (Summary 
Input/Output  Sheets ,  Sheet  L  and  E ) . 

Two  potential  centers  of  damage  were  investigated  in 
the  analysis.  At  Section  3  (see  Figure  1),  located  approxi¬ 
mately  6660  feet  downstream  from  the  dam,  all  breach  out¬ 
flows  remained  well  below  the  damage  level  of  the  nearby 
residence.  A  second  potential  damage  center  is  located  at 
Section  4  (see  Figure  1),  located  about  2.0  miles  downstream 
from  Wohelo  Lake  Dam.  At  this  section,  the  non-breach  0.45 
PMF  event  resulted  in  a  peak  water  surface  elevation  of 
about  3.3  feet  above  the  damage  level  of  the  nearby  homes. 
The  increases  in  water  surface  elevation  at  this  section 
resulting  from  the  various  breach  models  ranged  from  0.0  to 
only  about  0.7  feet  above  the  non-breach  level  (Appendix  D, 
Sheet  17).  Since  the  increase  in  water  surface  elevation 
due  to  breaching  is  small  in  comparison  to  the  expected  non¬ 
breach  flood  level,  it  is  concluded  that  the  failure  of 
Wohelo  Lake  Dam  would  most  likely  not  lead  to  increased 
property  damage  or  loss  of  life  in  the  downstream  regions, 
as  they  exist  at  present. 


5.6  Spillway  Adequacy. 

As  presented  previously,  Wohelo  Lake  Dam  can  accommo¬ 
date  only  about  43  percent  of  the  PMF  (SDF)  prior  to  embank¬ 
ment  overtopping.  Should  a  0.45  PMF  or  larger  event  occur, 
the  dam  would  be  overtopped  and  could  possibly  fail.  Since 
the  failure  of  Wohelo  Lake  Dam  would  probably  not  lead  to 
increased  property  damage  or  loss  of  life  at  existing  resi¬ 
dences,  its  spillway  is  considered  inadequate,  but  not 
seriously  inadequate. 


SECTION  6 

EVALUATION  OF  STRUCTURAL  INTEGRITY 


6.1  Visual  Observations. 

a.  Embankment.  Visual  observations  indicate  the 
embankment  is  in  good  structural  condition.  The  small  flow 
observed  downstream  of  the  outlets  is  considered  minor  at 
present,  but  nevertheless,  its  source  should  be  located  and 
the  condition  addressed  in  all  future  inspections.  Specifi¬ 
cally,  turbidity  and  changes  in  flow  rate  should  be  noted 
and  recorded.  The  large  trees  along  the  downstream  toe 
obscure  the  overall  view  of  much  of  the  embankment.  A  clear 
view  of  the  downstream  embankment  toe  is  especially  critical 
during  periods  of  high  pool  levels  when  stresses  within  the 
embankment  and  the  potential  for  seepage  and  piping  are 
increased.  Both  embankment  slopes  were  found  to  be  steeper 
than  designed,  particularly  the  upstream  slope  which  was 
measured  at  1.25H-.1V.  No  slope  distress  was  observed; 
however,  the  most  critical  stress  condition  imposed  on  an 
upstream  slope  may  occur  when  the  reservoir  is  lowered. 

When  the  outlets  are  made  operable  and  it  is  desired  to 
lower  or  drain  the  reservoir,  particular  care  should  be 
taken  to  drawdown  the  pool  at  a  sufficiently  slow  rate  to 
maintain  stability  of  the  upstream  slope. 

b.  Appurtenant  Structures. 

1.  Spillway.  The  recently  renovated  spillway 
appears  to  be  structurally  sound  and  in  good  condition.  No 
significant  structural  deficiencies  were  observed. 

2.  Outlet  Conduits.  The  outlet  conduits  cur¬ 
rently  appear  to  be  inoperable.  This  condition  has  appa¬ 
rently  existed  for  several  years  ever  since  the  access 
bridge  was  destroyed  by  fire,  damaging  the  gate  control 
mechanisms.  A  reliable  drawdown  mechanism  is  critical  to 
the  safe  operation  of  a  water  impounding  facility  and,  thus, 
it  is  recommended  that  the  operability  of  the  outlets  be 
restored. 


6.2  Design  and  Construction  Techniques. 

No  information  is  available  that  details  the  methods  of 
design  and/or  construction. 
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6.3  Past  Performance. 

According  to  the  owner,  the  facility  has  functioned 
adequately  since  its  completion  in  1953. 


6.4  Seismic  Stability. 

The  dam  is  located  within  Seismic  Zone  No.  1  and  may  be 
subject  to  minor  earthquake  induced  dynamic  forces.  As  the 
facility  appears  sufficiently  stable,  it  is  believed  that  it 
can  withstand  the  expected  dynamic  forces;  however,  no 
calculations  and/or  investigations  were  performed  to  confirm 
this  opinion. 


SECTION  7 

ASSESSMENT  AND  RECOMMENDATIONS  FOR  REMEDIAL  MEASURES 


7 . 1  Dam  Assessment. 

a.  Safety.  The  results  of  this  evaluation  indicate 
the  facility  is  in  good  condition. 

The  size  classification  of  the  facility  is  small  and 
its  hazard  classification  is  considered  to  be  high.  In 
accordance  with  the  recommended  guidelines,  the  Spillway 
Design  Flood  (SDF)  for  the  facility  ranges  between  the 
1/2-PMF  (Probable  Maximum  Flood)  and  the  PMF.  Due  to  the 
high  potential  for  damage  to  downstream  structures  and 
possible  loss  of  life,  the  SDF  is  considered  to  be  the  PMF. 
Results  of  the  hydrologic  and  hydraulic  analysis  indicate 
the  facility  will  pass  and/or  store  approximately  43  percent 
of  the  PMF  prior  to  embankment  overtopping  at  the  low  top  of 
dam.  Breach  analysis  indicated  that  failure  under  a  0.45 
PMF  event  or  larger  would  probably  not  lead  to  increased 
property  damage  or  loss  of  life  at  existing  residences. 

Thus,  based  on  the  screening  criteria  contained  in  the 
recommended  guidelines,  the  spillway  is  deemed  inadequate, 
but  not  seriously  inadequate.  If  the  embankment  crest  were 
regraded  and  restored  to  its  design  elevation,  the  facility 
would  pass  and/  or  store  approximately  51  percent  of  the  PMF 
prior  to  embankment  overtopping  but,  would  still  be  con¬ 
sidered  inadequate. 

It  is  noted,  also,  that  the  analysis  indicates  that 
flooding  of  downstream  structures  could  occur  from  non-breach 
outflow  of  a  storm  on  the  order  of  1/2-PMF  magnitude. 

b.  Adequacy  of  Information.  The  available  data  are 
considered  sufficient  to  make  a  reasonable  Phase  I  assess¬ 
ment  of  the  facility. 

c.  Urgency .  The  following  recommendations  should  be 
implemented  immedi ately . 

d.  Necessity  for  Additional  Investigations.  Additional 
studies  are  recommended  and  are  listed  in  Section  7.2. 


7.2  Recommendations/Remedial  Measures. 

It  is  recommended  that  the  owner  immediately: 


a.  Regrade  the  crest  of  the  embankment  to  "its  original 
design  elevation  under  the  direction  of  a  registered  pro¬ 
fessional  engineer  experienced  in  the  construction  of  earth 
dams,  or,  retain  the  services  of  a  registered  professional 
engineer  experienced  in  the  hydraulics  and  hydrology  of  dams 
to  further  assess  the  adequacy  of  the  spillway  facilities 
and  take  remedial  measures  deemed  necessary  to  make  the 
facility  hydraulically  adequate. 

b.  Retain  the  services  of  a  registered  professional 
engineer  experienced  in  the  design  and  construction  of  earth 
embankments  to  evaluate  the  source  of  seepage  and/or  leakage 
observed  just  below  the  discharge  ends  of  the  outlet  con¬ 
duits.  This  condition  should  be  assessed  in  all  future 
inspections  with  any  turbidity  and/or  changes  in  flow  rate 
specifically  noted. 

c.  Restore  access  and  operability  to  the  outlet 
control  mechanisms . 

d.  Remove  the  large  trees  from  along  the  downstream 
embankment  toe  and  clear  the  brush  covering  the  embankment 
slopes . 

e.  Clear  the  brush  that  partially  obstructs  the  right 
side  of  the  spillway  channel  at  the  crest. 

f.  Develop  formal  manuals  of  operations  and  mainte¬ 
nance  to  ensure  future  proper  care  of  the  facility.  In 
light  of  the  unusually  steep  upstream  embankment  slope, 
special  procedures  should  be  incorporated  into  these  manuals 
that  provide  for  the  emergency  drawdown  of  the  reservoir 
under  the  direction  of  a  registered  professional  engineer 
experienced  in  the  design  and  construction  earth  dams. 

g.  Develop  a  formal  emergency  warning  system  to 
notify  downstream  residents  should  hazardous  conditions 
develop.  Included  in  the  plan  should  be  provisions  for 
around-the-clock  surveillance  of  the  facility  during  periods 
of  unusually  heavy  precipitation. 
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APPENDIX  A 

VISUAL  INSPECTION  CHECKLIST  AND  FIELD  SKETCHES 
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ENGINEERING  DATA  CHECKLIST 
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Concrete  apron  along  upstream  face  placed  shortly  after  construction  to 
correct  a  seepage  problem.  Bridge  to  outlet  control  was  burned  by  vandals 
MODIFICATIONS  2  or  3  years  ago  and  never  replaced.  Concrete  placed  in  spillway  in 

June  1980. 


CHECK  LIST 
ENGINEERING  DATA 


MISCELLANEOUS 


GAI  CONSULTANTS,  INC. 


CHECK  LIST  NDI  ID  #  pA-°0326 

HYDROLOGIC  AND  HYDRAULIC  PENNDER  ID  #  28~9S 

ENGINEERING  DATA 

SIZE  OF  DRAINAGE  AREA:  4,0  square  811168  • _ 

ELEVATION  TOP  NORMAL  POOL:  970 1£  STORAGE  CAPACITY:  22  acre-feet. 
ELEVATION  TOP  FLOOD  CONTROL  POOL:  ~  STORAGE  CAPACITY:  ~ 

ELEVATION  MAXIMUM  DESIGN  POOL:  ~  STORAGE  CAPACITY: _ ~ 

ELEVATION  TOP  DAM:  980-3  STORAGE  CAPACITY:  85  acre-feet. _ 

SPILLWAY  DATA 

CREST  ELEVATION:  970.0  feet. _ 

TYPE:  Uncontrolled,  trapezoidal  shaped,  concrete  lined  chute. 

CREST  LENGTH:  37.5  feet. _ 

CHANNEL  LENGTH:  250  feet. _ 

SPILLOVER  LOCATION:  Right  abutment. _ 

NUMBER  AND  TYPE  OF  GATES:  None. _ 


OUTLET  WORKS 

TYPE:  Two  24-inch  diameter  CMPs. 


LOCATION-  Right  of  embankment  center. 


ENTRANCE  INVERTS: 


Not  known. 


EXIT  INVERTS: 


952.3  feet. 


EMERGENCY  DRAWDOWN  FACILITIES:  24-inch  diameter  gate  valves  at  inlets . 


HYDROMETEOROLOGICAL  GAGES 

TYPE:  None- _ 

LOCATION:  _ 

RECORDS:  _ 

MAXIMUM  NON-DAMAGING  DISCHARGE:  »  330  cf3  (June  1972). 
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APPENDIX  C 
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WOHELO  DAM 
PHOTOGRAPH  KEY  MAP 


'""I 


4) 

.c 

o'  y 
c 

•ft  O' 

X  c 

0  o 

41 

'O 

O  ft 

£ 

y 

ft  (0 

y 

y 

(0 

0)  to 

<u 

T3 

0 

O  41 

y 

y 

(0  41 

<y  y 

ai 

O' 

y 

jz 

0 

G 

y 

y 

y 

•h 

C  41 

.* 

41  O' 

g 

O' 

0 

g  y 

o 

c 

0 

to 

y 

■H 

1— 1 

C  ft 

<y 

to 

O 

4) 

A  41 

c 

0 

o 

E 

0) 

rH 

to 

4i  y 

(U 

<y 

g  41 

(0 

y 

to 

y 

to  y 

to 

a) 

G 

41  o 

m 

y 

4) 

y  z 

0 

g 

y 

E 

M 

(0 

<0 

y 

G 

c  • 

a 

c 

<0 

»  y 

4) 

ja 

o  c 

0) 

g 

g 

-O  41 

M 

4> 

g 

10 

a 

c  y 

<0 

g 

»  3 

XI 

10  • 

0  X 

0  • 

g 

4i  y 

y  to 

ft  d) 

4) 

y  g 

O' 

<u  -o 

y  oi 

y  y 

.C  -ft 

41 

to  g 

ai  x: 

0  to 

JS  • 

ay 

>  O' 

S  ft 

y  y 

3  3 

O  -ft 

H 

c 

A 

y 

w-t  -h 

to  4) 

4)  <0 

41 

0  XC 

to  I 

43 

43  41 

o  y 

y  y 

y  x: 

»  y 

U  3 

x: 

y 

a)  c 

0  X 

<y  o> 

y 

■H  0) 

(0  (0 

O  -H 

O  TJ 

>  i 

y 

y 

u  y 

£  y 

J  s 

a>  3 

4)  <w 

41  Qi 

41  > 

>  A 

•H  3 

•H  J3 

•H  0 

O  <0 

>  ft 

>  y 

>  y 

ft 

(N 

1  ft 

x 

SC 

X 

z 

a 

< 

a 

< 

a 

a 

< 

£ 

o 

X 

0 

2 

o 

« 

o 

o 

O 

o 

o 

e* 

e 

e« 

E< 

o 

o 

o 

o 

X 

X 

x 

X 

a 

X 

i  a 

cu 

PHOTOGRAPH  5  View,  looking  upstream,  of  the  spillway  channel  control 
section.  Note  the  brush  projecting  into  the  channel 
along  the  left  side  of  the  view. 
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APPENDIX  D 

HYDROLOGY  AND  HYDRAULIC  ANALYSES 


PREFACE 


The  modified  HEC-1  program  is  capable  of  performing  two 
basic  types  of  hydrologic  analyses:  1)  the  evaluation  of 
the  overtopping  potential  of  the  dam;  and  2)  the  estimation 
of  the  downstream  hydrologic-hydraulic  consequences  result¬ 
ing  from  assumed  structural  failures  of  the  dam.  Briefly, 
the  computational  procedures  typically  used  in  the  dam  over¬ 
topping  analysis  are  as  follows : 

a.  Development  of  an  inflow  hydrograph ( s )  to  the 
reservoir. 

b.  Routing  of  the  inflow  hydrograph (s)  through  the 
reservoir  to  determine  if  the  event (s)  analyzed  would  over¬ 
top  the  dam. 

c.  Routing  of  the  outflow  hy drogr aph ( s )  from  the 
reservoir  to  desired  downstream  locations.  The  results 
provide  the  peak  discharge (s) ,  time(s)  of  the  peak  dis¬ 
charge  (s),  and  the  maximum  stage (s)  of  each  routed  hydro¬ 
graph  at  the  downstream  end  of  each  reach. 

The  evaluation  of  the  hydrologic-hydraulic  consequences 
resulting  from  an  assumed  structural  failure  (breach)  of  the 
dam  is  typically  performed  as  shown  below. 

a.  Development  of  an  inflow  hydr ograph ( s )  to  the 
reservoir. 


b.  Routing  of  the  inflow  hydrograph (s)  through  the 
reservoir. 

c.  Development  of  a  failure  hydrograph ( s )  based  on 
specified  breach  criteria  and  normal  reservoir  outflow. 

d.  Routing  of  the  failure  hydrograph (s)  to  desired 
downstream  locations.  The  results  provide  estimates  of  the 
peak  discharge ( s) ,  time(s)  to  peak  and  maximum  water  surface 
elevations  of  failure  hydrographs  for  each  location. 
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APPENDIX  F 
GEOLOGY 


Wohelo  Lake  Dam  is  located  in  the  South  Mountain  sec¬ 
tion  of  the  Blue  Ridge  physiographic  province  of  south¬ 
eastern  Pennsylvania.  This  region  is  characterized  by 
northeast  trending  ridges  and  valleys  developed  on  alter¬ 
nating  beds  of  volcanic  and  sedimentary  rocks. 

Bedrock  immediately  underlying  the  dam  and  reservoir  is 
the  Harpers  Formation  of  Lower  Cambrian  age.  The  Harpers 
Formation  is  composed  of  a  thick  sequence  of  graywacke, 
siltstone,  phyllite,  and  the  conspicuous  Montalto  quartzite 
member.  This  very  resistant  quartzite  forms  the  upper 
slopes  and  crests  of  the  ridges,  while  the  less  resistant 
siltstones,  phyllites,  and  graywackes  underline  shallow, 
longitudinal  valleys. 

Structurally,  the  dam  and  reservoir  lie  on  the  Mas- 
sanutten  syncline  which  is  bounded  on  the  east  by  the  Antie- 
tam  Cove  fault,  a  sub-vertical  and  left  lateral  strike-slip 
fault,  and  on  the  west  by  the  South  Mountain  Anticlinorium. 
The  South  Mountain  Anticlinorium  is  defined  on  the  west  by 
steep  westerly  dips  toward  the  Cambro-Ordivician  carbonates, 
and  on  the  east  by  a  series  of  normal  faults  along  the 
margin  of  the  Triassic  basin.  The  immediate  area  contains 
four  anticlines,  in  some  of  which  the  pre-Cambrian  rocks  are 
exposed,  and  corresponding  synclines,  which  enclose  Cambrian 
siltstones  and  some  limestones. 
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